Residual alveolar cleft deficits can be difficult to treat. This is particularly the case in older and multiply operated patients as well as those with large oronasal defects and extensive scar tissue. In large and recalcitrant defects vascularized free tissue transfer should be considered as a definitive procedure. Vascularized free tissue transfer provides a 95% success rate and provides excellent bone for placement of osseointegrated implants for dental rehabilitation (Schwabegger et al., 2004) . We feel that the scapula tip has a number of important advantages. These include reduced morbidity from the donor site, good bone quality and contour for implant placement, and a longer pedicle length.
Introduction
A standard technique for the augmentation of alveolar clefts is free nonvascularized bone grafts. Grafting is most commonly undertaken in the mixed dentition stage. This provides the bone matrix required for eruption of the lateral incisor or canine into the bone (Newlands, 2000) . Both the benefits and the aims of alveolar bone grafting have been widely reported in the literature. In patients with large defects, previous failed nonvascularized grafts, or poor overlying soft tissue, vascularized bone grafts should be considered. The options available for these maxillary defects include the scapula, fibula, and the more recently described distal medial femur flaps (Gaggl et al., 2012) .
The scapula free flap is a versatile osseous and soft tissue free flap that can be used for mandibular and maxillary reconstruction (Yoo et al., 2013) . The angular branch of the thoraco-dorsal artery supplies the tip of the scapula. The scapula free flap has several advantages: it allows for small measured bone segments to be harvested reducing donor site morbidity; the quality and contour of bone is ideal for osseointegrated implants; and it has a long pedicle length, up to 20 cm compared to other osseous flaps (Chepeha et al., 2010) . This extended pedicle length is particularly important in the reconstruction of anterior maxillary alveolar clefts. The added pedicle length allows the surgeon to tunnel the pedicle through the cheek and perform the anastomoses to vessels in the upper neck.
Case Reports
We describe 2 nonsyndromic alveolar cleft cases in which a scapula free flap was used to augment the maxillary defect and allow for subsequent prosthodontic rehabilitation with osseointegrated dental implants.
Case 1
The first case was a 66-year-old woman who presented unable to retain her upper denture as a result of a residual alveolar cleft (Figure 1) . The patient had a history of bilateral cleft lip and palate and had undergone a lip repair at 10 weeks of age and a subsequent palatal cleft repair at 3 years. Multiple lip surgeries had been performed including an Abbe flap. The patient's past medical history included obstructive sleep apnea requiring nocturnal continuous positive airway pressure.
The patient underwent a scapula tip free flap repair of the anterior maxilla and 8 months later had a second procedure for debulking of flap and the placement of 4 osseointegrated dental implants (Figure 2) . A final procedure was performed 6 months later with the placement of healing abutments and a splitthickness skin graft to the alveolar ridge (Figure 3 ). This was followed by prosthetic rehabilitation.
Case 2
A 38-year-old woman referred with a unilateral cleft lip and palate. The patient had previously undergone 3 nonvascularized bone grafts, all of which had failed over an 18-month period. The patient had no other medical conditions, and was a lifelong nonsmoker.
The patient underwent a scapular tip free flap repair ( Figure 4 ) and following healing underwent debulking of the flap and placement of 3 osseointegrated implants. A further 7 months later, the implants were accessed for prosthetic rehabilitation ( Figure 5 ).
Discussion
The repair of alveolar clefts can be challenging. Persistent defects can cause considerable morbidity to patients, including oro-nasal regurgitation, speech disturbance; inability to retain dentures; and loss of upper lip support (Eufinger and Machtens, 2002) . The complication rate for nonvascularized bone grafts and subsequent implant placement has been reported at 20% to 30%, with even higher failure rates seen in patients who have had previous surgery (Gaggl et al., 2012) .
With success rates of 95%, vascularized free tissue transfer provides an excellent alternative technique to standard bone grafting. Frequently this technique is used in patients that have undergone multiple previous operations that have failed, or in previous nonvascularized grafting cases, that have not provided adequate bone for implant placement.
A number of donor sites can be considered when planning osseous reconstruction of a residual maxillary defects. Typically, these options include fibular, iliac crest, radial forearm, and scapula. Each site has certain advantages and disadvantages in terms of the quality and contour of bone or soft tissue, pedicle length, and donor site and patient morbidity (Yoo et al., 2013) . We feel the scapula tip has a number of advantages over other composite free flaps, including a longer pedicle length avoiding the need for vein grafting, excellent bone quality and contour for implant placement, and minimal morbidity from the donor site (Brown et al., 2010) . Furthermore, unlike in iliac crest and fibular free flaps, the scapular tip free flap allows for early ambulation and may be beneficial when considering larger reconstructions due to the extensive muscle and skin components that may be harvested with the flap (Brown et al., 2010) .
Typically, the defect size is measured on the operating table and the size of the free flap and any required soft tissue component is determined intraoperatively. The technique then involves locating the anterior border of the latissimus dorsi muscle by drawing a line from the midaxillary line to a point midway between the anterior superior iliac spine and the posterior superior iliac spine. An S-shaped skin incision is made and the latissimus dorsi is mobilized from the scapular border and teres major. The teres major is detached from the scapula, revealing the angular branch immediately beneath it running under the tip of the scapula. The angular artery often arises directly from the thoracodorsal artery or the serratus anterior artery (Yoo et al., 2013 ). The neurovascular pedicle is then mobilized facilitating osteotomy of the scapula tip to the desired size ( Figure 6 ).
The lateral border of the scapula tip, where the bone is thickest formed the alveolus. This was plated to the residual alveolus and provided adequate bony thickness for implant placement. No skin paddle or muscle was required but may have been considered if there was an associated larger cutaneous or soft tissue defect. If the parascapular skin is required for the reconstruction, the circumflex scapular artery should be preserved. Similarly, if any muscular structure is also needed, such as the teres major or serratus anterior, vascular branches to these muscles should be saved (Nayeon et al., 2015) .
The pedicle length harvested measured approximately 10 cm in each case and was anastomosed to the facial vessels, removing the need for a vein grafting. Typically, an end-to-end anastomosis is performed to the facial, superior thyroid, external carotid, or transverse cervical arteries. The surgeon should select the most suitable artery based on the patient's anatomic relationship between the defect and artery, presence of any atherosclerosis and length of vascular pedicle (Van Zyl and Fagan, 2016) .
In the postoperative period, each patient was monitored clinically for flap perfusion, color, and capillary refill. Patients were discharged after 5 to 7 days following healing and achieved good functional outcomes in terms of speech and mastication following prosthetic rehabilitation.
Implants were placed after 3 months once there was evidence of bony union on CT imaging. Neoss dental implants were used ranging from lengths of 9 to 11 mm. The implant placement is based on both the available bone and the ideal position for a functional occlusal relationship. Surgical guides and 3-dimensional virtual planning was not routinely used.
The need to change patient positioning remains as one of the major disadvantages to this surgical approach, as the location of the scapula often prevents a simultaneous 2-team approach. However, we have not found repositioning of the patient to be an issue in terms of operative outcome or the duration of surgery. Some case series also suggest that the scapula does not provide adequate bone to support osseointegrated dental implants (Pearce et al., 2011) . However, both in our experience and in other publications, the main limiting factor for implants appears to be difficulty accessing prosthodontic rehabilitation in the public health system or the cost, not the bone quality (Miles and Gilbert, 2011) .
Reduced shoulder mobility, seroma, hematoma, and infection following scapula graft harvest have been reported. However, a number of steps may be taken to reduce this risk. Following flap harvest, both patients had reapproximation of the serratus anterior and teres major muscles to the remaining scapula using nonresorbable sutures. Surgical drains are placed on suction to reduce dead space and only removed once output reduces below 30 mL in a 24-hour period. This was accompanied with postoperative physiotherapy. These steps facilitated muscle recovery and reduced the dead space preventing seroma, hematoma and infection. None of the patients presented with complications postoperatively or in the 2-year follow-up period.
Conclusion
We believe that the use of the scapula tip free flap for large and recalcitrant maxillary cleft defects should be considered as an alternative procedure. Vascularized free tissue transfer provides a 95% success rate and provides excellent bone for placement of osseointegrated implants for dental rehabilitation. Although we present only 2 cases in this series, the authors have used scapula free flaps in numerous head and neck oncology patients with subsequent successful osseointegrated implant placement. Further research is needed with a larger sample size before this can become a recommended procedure for larger cleft cases.
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